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Abstract 
 
The effect of the invasive species Marenzeleria viridis and the native species Nereis 
dirvesicolor in the sediment nutrient dynamics was studied over the period of one month and 
a half. The two species were studied in a laboratory experiment separately and in 
combination to observe the effects on sediment metabolism (O2 uptake), and nutrient release; 
nitrogen (NH4+ and NO3) and phosphorous (PO43-). A 2x2, with 4 replicates design was 
established with 4 treatments; (1) Control, (2) Marenzelleria viridis, (3) Nereis 
diversicolor and (4) M. viridis and N. diversicolor. The O2 uptake was greater for N. 
diversicolor when compared to M. viridis alone and for the combination of the two species, 
the same trend follows for nitrogen and phosphorous. Pore water measurements were taken at 
the beginning and end to know the total amount of dissolved phosphorous and nitrogen in the 
sediments. Overall, more ammonium was released from the sediments than nitrate and it was 
found that M. viridis caused a build-up of nitrogen in the sediment, whereas N. 
diversicolor released higher levels of nitrogen in the pore water. The nitrate-release from the 
sediment was very high for N. diversicolor in comparison to M. viridis due to this species 
promotion of nitrification. The results of this experiment suggest that N. 
diversicolor increased release of phosphate, nitrate, and ammonium when compared to the 
invasive species M. diversicolor. Some uncontrolled factors such as the biomass of the 
polychaetes used may, however, have affected the results obtained 
KEY WORDS: Invasive species, Marenzelleria viridis, Nereis diversicolor, Benthic nutrient 
dynamics. 
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Introduction  
 
he sediment of the sea floor is a 
composite of many elements, in 
both dissolved and particulate 
forms. Nutrients, such as 
nitrogen and phosphorous  are then present in 
dissolved inorganic forms and as particulate forms, 
most typically in organic matter. Nutrient release 
from the sediment pore water into the surrounding 
water is increased by the irrigation activities of 
benthic organisms. This displacement of nutrients 
better known as bioturbation, has a profound effect 
on nutrient cycling (Kristensen, 2000).  
Bioturbation can positively affect a marine 
ecosystem by stimulating the degradation of 
organic detritus, thus preventing a build-up of dead 
organic matter. However, a significant increase in 
nutrient release causes eutrophication, which 
ultimately can enhance hypoxia in aquatic 
environments, which can be fatal for marine 
organisms (Quintana, 2011). Hypoxia is an issue in 
many areas in the Baltic Sea. It is thus a concern 
that the introduction of burrow-dwelling species 
will cause an increase in bioturbation and thereby 
negatively affect nutrient levels (Kristensen and 
Penha-lopes, et al.2012). One such species is 
Marenzelleria viridis, an invasive species that has 
been introduced to the Baltic Sea in the past thirty 
years. This worm has now become a common 
species in Danish coastal waters. There are 
concerns about the negative impact that this species 
may have, due to their rapid ventilation and 
irrigation of the sediment in which they dig their 
burrows.  
 M. viridis are, however, not the first burrowing 
worms to populate Danish coastal sediments. 
Nereis (Hediste) diversicolor is a native species 
that also ventilate their burrows. In fact, this 
species pumps much more water through their 
tunnels daily then do M. viridis. However, M. 
viridis burrow significantly deeper than do N. 
diversicolor, and also cycle and replace pore water 
much more rapidly and effectively than the native 
species (Kristensen, Penha-Lopes, et al. 2012).  
Since Marenzelleria viridis has become a common 
species in Danish coastal waters, it is necessary to 
know how this species influences its environment. 
Furthermore, it is suggested that M. virids is 
outcompeting or displacing N. diversicolor 
(Delefosse et al. 2012) in many areas. For this 
reason, this study aims to investigate the precise 
effects that M. viridis has on nutrient release by 
way of tunnel-burrowing and pore water recycling 
and how this differs from the native polychaete N. 
diversicolor. 
In anticipation of this investigation, we hypothesize 
that M. viridis will cause an increase in the total 
phosphorous release when compared to N. 
diversicolor and no animals, which will ultimately 
result in a decrease in the concentration of 
dissolved oxygen in the surrounding water, which 
can be detrimental to the species inhabiting the 
ecosystem.  
 
Bioturbation 
 Aquatic sediments are fully and 
permanently submerged in water, except for 
intertidal areas. Since air-saturated water has about 
30 times less oxygen that diffuses about 10,000 
times slower than in air, aerobic organisms buried 
in the sediment face several challenges in obtaining 
oxygen. Sediments found near the coastal regions 
are usually anoxic, except for the upper few 
millimeters where there is an oxygen supply due to 
diffusion. Therefore organisms living in the 
T 
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sediments had to develop methods to overcome 
these conditions.  Most animals oxygenate their 
burrows by actively ventilating with oxygenated 
overlying water. There are four major types of 
particle reworking that can be done by benthic 
organisms. These organisms are known as: 
Biodiffusors, Upward conveyors, downward 
conveyors, and regenerators  (Kristensen, Penha-
Lopes, et al. 2012) 
Nereis (Hediste) diversicolor and 
Marenzelleria viridis 
Nereis (Hediste) diversicolor is a marine 
polychaete that is native to Danish coastal waters. 
Due to the rapid spread of Marenzelleria viridis 
through the Baltic Sea, there has been much 
concern that the N. diversicolor species will be 
threatened, as the two species may compete with 
one another.  
Similar to M. viridis, N. diversicolor dwell in 
burrows that they dig in the sediment of the sea 
floor. While the M. viridis tunnels are straight, N. 
diversicolor tend to dig U-shaped open-ended 
burrows, and therefore do not burrow quite as deep, 
with the average tunnel depth being about 6 to 8cm 
(Kristensen, et al. 2011). These burrows are 
ventilated through undulatory body movements 
(Quintana et at. 2011). A population of 300 N. 
diversicolor will thereby pump 600 to 1400 liters 
of water through their burrows daily, compared to 
the 70 litres that a same sized population of M. 
viridis would pump (Kristensen, Penha-Lopes, et 
al. 2012). Despite the greater amount of water that 
the N. diversicolor circulates through their 
burrows, they do not ventilate pore water nearly as 
effectively as the M. viridis do (Kristensen, Penha-
Lopes, et al. 2012).  
Marenzelleria viridis is a marine polychaete that is 
native to North America, specifically along the east 
coast. Carried over in the ballast water of ships, this 
species was introduced to the Baltic Sea and was 
first observed in the Forth Estuary of Scotland in 
1978 (Kristensen, Banta, et al.. 2012). Since then, 
the worm has formed a reproductively successful 
population, which has spread east across the Baltic. 
M. viridis now thrives in Danish coastal waters, 
where it may compete with native species such as 
the marine polychaete Nereis (Hediste) 
diversicolor. As well as the M. viridis species, two 
other closely related sibling species have 
simultaneously invaded the Baltic. These species 
are Marenzelleria arctia and Marenzelleria 
neglecta, which can only be sufficiently 
distinguished from M. viridis through DNA testing 
(Blank, Bastrop, 2009). However, M. viridis is the 
prominent species in Danish coastal waters and is 
therefore the focus of this study.  
  The adult Marenzelleria viridis can be up 
to 20 cm long and 2-3 mm in diameter. They are 
deep green in colour and have cilia along the front 
1/3 of the body, which the worms use to circulate 
water through the tunnels in the sediment in which 
they live (Kristensen, Banta, et al.. 2012).  
 
 
 
Figure 1. N. diversicolor U shape borrow 
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Figure 2. M. viridis  J shaped burrow   
 
These tunnels can be up to 50 cm long, and the M. 
viridis typically orient themselves with their head 
near the surface of the tunnel. In contrast with N. 
diversicolor, M. viridis create blind-ended burrows 
in I- or J-shape. The shape of the burrow creates a 
challenge of creating a water flow, which they 
solve by irrigating and ventilating the burrows with 
the help of cilia, as well as undulating body 
movements (Quintana 2011). While most of the 
water is pumped back out of the burrow through 
the opening, about 10 % of the water that is taken 
into the burrow seeps into the surrounding 
sediment due to the pressure of the worms pumping 
movements. 
With a population of 300 worms per square meter, 
a total of 5 litres of water would be pressed through 
a square meter of sediment daily, resulting in a 1.5 
cm per day upward movement of all the sediment 
pore water. This means that in just 20 days, all of 
the sediment’s pore water will be entirely recycled 
(Kristensen, Banta, et al.. 2012). This process will 
of course occur even more rapidly in areas of 
greater population density. This will result in an 
increased release of dissolved nutrients from the 
sediment into the surrounding water.  
The difference in burrow types between 
Marenzelleria viridis and the native Nereis 
diversicolor is what is causing scientist to worry 
about the effect of the invasive Marenzelleria 
viridis on the Danish coastal waters.  
Polychaetes and their effect in the 
nutrient cycling  
 It is important to understand the 
significance of the nutrient cycling within the 
sediment. Mineralization of organic matter found in 
the sediment of shallow waters, such as the areas 
we have been working with, occurs mainly in the 
sediment (Day, et al. 1989). The environmental 
conditions at the bottom of the water near the 
sediment can affect the rate of the nitrogen (N) and 
phosphorus (P) mineralization. These 
environmental effects can be temperature, oxygen 
(O2) concentrations, and the communities of 
animals living in the sediment (microbial or larger) 
(Hietanen et al, 2007).  
It is common to define three major pools of 
phosphorous which are chemically different and 
react in different ways in the water column. 
Dissolved inorganic phosphorous (DIP) that is 
assimilated by algae and bacteria, then particulate 
organic phosphorous (POP) is released in cell 
lysing or excreted as DIP or as dissolved organic 
phosphorous (DOP), this is degraded by bacteria 
into DIP; this process has greater importance in the 
sediment than in the water column due to the net 
availability of DIP (Day, et al. 1989). 
 The nitrogen cycle is far more complex 
due to the existence of far more sources of nitrogen 
that enter the system by either atmospheric 
diffusion, upwelling deep ocean waters or 
biological diffusion. 
Marenzelleria Viridis vs.Nereis Diversicolor 
 
5 
 
N2 is transformed into NH4
+
 by cyanobacteria 
(fixated) and then consumed in the upper levels of 
the ocean, NH4
+ 
is a fixated in a relative small scale 
compared to the denitrification rate in the sediment. 
NO3
-
 enters the marine system by runoff and is also 
produced in the upper sediment layer (0-1cm) by 
nitrification, both sources are important in 
providing substrates to denitrification (Day, et al. 
1989). 
Finally dissolve inorganic nitrogen (DIN) is 
regenerated as NH4
+ 
 by animal excreta in the water 
or by bacteria in the sediment. 
The sediment nutrient dynamics is highly 
dependent on the amount of oxygen present within 
the sediment and its capability to move through the 
sediment for example the burial of P within the 
sediments depends on the presence of sedimentary 
redox conditions; hence P is buried very efficiently 
in oxic sediments while anoxic deposits have a 
very low retaining capacity. 
It is also important to note that M.Viridis, is likely 
to have a positive effect in the release of ammonia 
from the sediment, due to its ability to borrow 
deeper, a small amount of this ammonia can in turn 
be denitrified (caused by an increase in 
denitrification due to the presence of benthic 
animals) before being released into the water 
column, however this effect is not always clear 
(Hietanen et al, 2007).  
Following the introduction of the invasive 
polychaete Marenzelleria viridis into Danish 
coastal waters, it has been a concern that this 
species may cause an increased release of 
ammonium, nitrate, and phosphate from the 
sediment in which they burrow. This assumption is 
based on the fact that M. viridis burrows 
significantly deeper than the native species, Nereis 
diversicolor, and also ventilates pore water more 
efficiently. To determine if this is true, an 
experiment was designed to compare M. viridis 
effect on nutrient fluxes, in comparison to the 
effect of N. diversicolor.  The effect that both 
species have on nutrient levels is compared to the 
levels released by sediment with no polychaetes, as 
well as one with both species together. Because of 
the nature of M. viridis burrows, it is expected that 
the presence of M. viridis  in a sediment will cause 
an increase in nutrient release when compared to 
the native species, which can potentially cause 
eutrophication and hypoxia. The results from this 
experiment will give an insight into how M. viridis, 
relative to N. diversicolor, will affect benthic 
nutrient dynamics in Danish coastal ecosystems 
and the sediment processes therein.  
Experimental Setup 
Materials and methods 
The experimental set up was based on a 
two by two design with four replicates.  
Samples were collected from the coastal waters 
near Rørvig, Isefjord (mostly Marenzelleria viridis) 
and at Herslev in Roskilde Fjord (for Nereis 
diversicolor). Fifty M. viridis and N. diversicolor 
were collected. Sediment was collected and sieved 
(1mm) at both sites, approximately 12kg from each 
site, where after it was homogenized.  
Salinity and temperature were taken into 
consideration in order to make the set up as close to 
natural conditions as possible. 
The units had a period of settling (one week), 
where no animals were introduced, to allow the 
units to reach a balance of nutrients.  
 The four treatments were follows: (1)control unit, 
it had no animals, (2) Four Marenzelleria viridis in 
each core of the unit, (3) Four Nereis diversicolor 
in each core of the unit, (4) Two M. Viridis and two 
N. diversicolor in each core of the unit. 
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The experimental time was 6 weeks, and to ensure 
that the temperature, salinity and light were 
constant the experiment were carried out in a 
climate room temperature were the temperature 
was slowly increased from 6
o
C to 15
 o
C and kept 
constant for the total time of the experiment. The 
salinity was measured every week and it was kept 
at steady 16, reducing possible causes for the 
animal to get stressed. All the flux measurements 
were run on the absence of light thus the setup was 
covered at all times. 
 
On day 0, the worms were weighted and separated 
into petri dishes for which core they would be 
placed in, 4 worms in each core except for the 
control. Once the worms were added, they were 
observed for 3 hours while all of them burrowed. 
The setup consists of a large tank with two soda 
crates placed in the bottom. The soda crates will be 
used to hold the cores and the magnetic stirrers. 
The two stirrers are placed in opposite ends of the 
tank, one placed in each crate; each core was 
mounted with an individual stirrer to ensure a 
continuous mix of water. 
The salinity and temperature was measured at both 
sites.  Approximately 20ppt at 6
o
C at the M. viridis 
site, while 11ppt at 3
o
C at the N. diversicolor site.  
The amount of animals was decided by looking at 
the natural population densities in the Danish 
coastal waters. Naturally the population density of 
Marenzelleria viridis is 100-1000 m
2
, while Nereis 
diversicolor has a higher population density of 500 
- 1000 m
2
.  For using the smaller 5cm cores with 4 
worms in them the population density was 2,038 
for each m
2
.  
Sampling and Analyses  
 Benthic fluxes of O2 and nutrients were 
measured as changes in the overlying water 
concentrations during closed cores incubations. A 
start measurement of O2, using a microelectrode 
and samples for NH4
+
, NO3, and PO4
3-
 of all the 
cores were taken using a syringe with tubing, while 
the cores were open.  The cores were then closed 
with rubber stoppers and incubated in the dark with 
the stirring on. The incubation time changed during 
the run of the experiment depending on the 
metabolism of the system. After the incubation 
time the stoppers were removed and O2 was quickly 
measured and samples were taken for measuring 
nutrients. An OX-25 microelectrode connected to a 
PA2000 picoameter was used to measure the O2 
levels.  
After the end O2 level was measured, 3 samples 
were once again taken from each core. The samples 
were frozen for further analysis. The frozen 
samples were later used to determine the amount of 
ammonium (NH4), phosphate (PO4
3-
) and nitrate 
(NO3-).   NH4 and PO4
3-
 where analyzed using a 
spectrophotometer, of which the absorbance was 
obtained. Using a standard curve the concentration 
was calculated.  NO3 was analyzed using a 
QuikChem FIA+  8000 series from Zellweger 
Analytics. The flux calculated using the equation: 
Flux (mmol m
-2
 d
-1
) = ([X]t=1 - [X]t=0) x V x 24 
    (A x t) 
Where X is the O2, [X]t=1 and [X]t=0 is the end 
and initial concentrations (mM) calculated from the 
absorbances. These numbers were subtracted to get 
the difference. V is the volume (liters) of the water 
column, A is the area (m2) of the core sediment 
surface, and t is the incubation time (hours). 
 
Results 
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Graph  1. O2 measurements, the metabolism of the system. (mmol m-1 d-1, avg±SD)
The respiration rate (Graph 1) shows, as expected, 
that Nereis diversicolor consumed significantly 
more oxygen than did Maranzelleria viridis. The 
cores containing both species of worm also exhibit 
a higher benthic respiration that the M. viridis 
alone. The cores with no worms maintain a 
relatively constant level of oxygen consumption 
throughout the course of the experiment, which is 
also expected since there are no polychaetes 
consuming oxygen in those cores. A drop followed 
by a spike in oxygen consumption was observed  in 
the cores containing N. diversicolor between the 
4th and last measurement. A decrease on the 
consumption of O2 is also noticeable for N. 
diversicolor while for M. viridis increased over 
time.
 
 
 
Graph 2. Nutrient flux (PO4
-3) between the sediment and water (mmol m-1 d-1, avg±SD)
 Graph 2 shows that the phosphate release rates in the control cores remains relatively low and 
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constant throughout the course of the experiment, 
as expected. The other three groups show an incline 
in phosphate release, followed by a decline. The 
Nereis diversicolor has a higher spike in nutrient 
release than the other groups, and begins 
decreasing later than the other groups do, around 
day 20. Marenzelleria viridis also has a second 
increase in phosphate release after day 20
 
Graph 3. Nutrient flux (NH4
+) between the sediment and water (mmol m-1 d-1, avg±SD)
Graph 3 we observe that all cores experience a 
stabilization period over the course of the first few 
measurement days. After this all the cores, except 
the ones containing only N. diversicolor 
experienced an increase in ammonium release 
rates, followed by a steady decline in levels over 
the last few measurement days. The levels in the N. 
diversicolor cores begin increasing later than the 
other three groups do, around day 15, and then 
increases steadily after that. It is likely that all 
cores follow the same pattern, and that the 
ammonium release rates in the N. diversicolor 
cores would begin to decline, had the experiment 
been carried out longer. Ammonium release rates 
were at all times greater for N. diversicolor core, 
followed by the M. viridis and finally the mixed 
cores. The control cores had the lowest rate of 
ammonium release, as can be expected. 
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Graph 4. Nutrient flux (NO3) between the sediment and water (mmol m
-1 d-1, avg±SD)
Graph 4 there was little to no nutrient release from 
all cores until day 10. After this, all groups 
exhibited an increase in nitrate release. The 
Marenzelleria viridis and the mixed groups began 
to decline in nitrate release after day 20. The 
control group showed an increase until day 15, and 
then became more or less constant thereafter. The 
nitrate levels in the cores with Nereis diversicolor 
continued to increase sharply and steadily for the 
remainder of the experiment.  
 
 
Graph 5. Pore water NH4
+ (mM) 
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For phosphate, the control group has a much higher 
concentration than the other groups. The Nereis 
diversicolor, M. viridis, the mixed group, and the 
starting core, all have very similar phosphate levels 
in the pore water.  We can see that the 
Marenzelleria viridis and the Nereis diversicolor 
near the 12 cm depth released more PO4
3-
, than the 
control and the treatment with both N. diversicolor 
and M. viridis. 
 
Graph 6. Pore water PO4
3- (mM). There is a level of uncertainty due to analytical difficulties, the dilution was close to the detection 
limit. Due to time limit we were unable to run the samples again.
The pore water ammonium graph shows that in the 
control cores, the ammonium concentrations 
increase along with the depth in the sediment. 
Around 14cm, the ammonium concentrations 
decrease again, most likely due to error such as loss 
of water during sediment analysis or a leaky core-
bottom. As expected, the cores with Marenzelleria 
viridis have low levels for ammonium at all depths. 
The Nereis diversicolor ammonium concentrations 
increase after about 10cm. The mixed cores have a 
slight ammonium increase after about 10cm, but 
remain relatively low for all depths. The start pore 
water has relatively consistent levels of ammonium 
for all depths.  
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Table 1. Nitrogen Budget 
Treatment 
Type 
NH4
+  
Releas
e 
(mmol 
m-2) 
NO3 
Releas
e    
(mmol 
m-2) 
Pore 
Water 
Releas
e 
Total 
Control  -0.0341 0.2008 1.9908 2.1575 
Marenzelleri
a viridis 
0.198 0.1266 -
0.0012
8 
0.3233 
Nereis 
diversicolor 
0.4021 0.2532 0.1284 0.7837 
Marenzelleri
a viridis and 
Nereis 
diversicolor 
0.087 0.0733
9 
-
0.0757
8 
0.0846
1 
 
Discussion 
This experiment comparing sediment nutrient 
fluxes of the invasive, polychaete species 
Marenzelleria viridis, the native species Nereis 
diversicolor, a combination of both species, as 
well as polychaete-free sediment, was carried out 
with the goal of determining how the two species 
affect the rates of nutrient release from the 
sediments they inhabit. In accordance with the 
concern that the invasive M. viridis may 
contribute to eutrophication in the Baltic Sea due 
to their high levels of nutrient release, the 
hypothesis for this investigation predicted that 
M. viridis would cause a greater release of 
ammonium, nitrate, and phosphate from the 
sediments they inhabit compared to N. 
diversicolor. 
The experiment was for the most part a success 
as far as measuring nutrient release and 
concentrations. However, certain factors may 
have had an effect on the accuracy of the results 
obtained. For example, several of the worms died 
during the experiment, and were not replaced. 
Some worms also moved around from one core 
to another, potentially throwing off the results.  
By analyzing the data obtained, it can be seen 
that it is in fact the N. diversicolor that causes 
the highest rate of nutrient release from the 
sediment, and not the M. viridis. It is unclear 
whether or not this difference in nutrient release 
is due to the differences in burrowing actions of 
the two species, or whether it is due to the 
dramatic differences in size of the specimens. 
The N. diversicolor used in the experiment were 
on average much larger than the M. viridis used. 
This difference in mass could contribute both to 
a higher rate of respiration (and thus organic 
matter decomposition) in cores containing N. 
diversicolor, as well as a higher rate of nutrient 
release as they may pump significantly more 
water through their burrows due to their size. It  
is very apparent here that the level of oxygen 
consumption in a given core is directly 
proportional to the biomass of the polychaetes in 
the cores (Figure 3). This suggests that size of 
the worms had a greater effect on nutrient release 
than the way in which they dig and ventilate their 
burrows. Separated from the other species, M. 
viridis and N. diversicolor acted as expected. 
However, in the cores that contained both 
species, the N. diversicolor burrowed much 
deeper than they normally do. It is unclear 
whether this is a response to the presence of M. 
viridis, or if the N. diversicolor simply made use 
of deeper M. viridis burrows that were present. 
Further experimentation would be necessary to 
fully understand the two species’ interaction and 
the effects they have on each other. 
We observed an initial increase in phosphate 
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release followed by a steady decrease in the 
cores containing polychaetes as expected, as the 
initial burrowing of both species would cause a 
flushing out of the nutrients in the sediment. The 
initial flush of nutrients was followed by a steady 
decrease over the course of the experiment, 
which suggests that the introduction of oxygen to 
the sediments enhanced decomposition of 
organic matter, releasing phosphate. That N. 
diversicolor caused the highest rates of 
phosphate release was unexpected, however, and 
may again be due to the larger biomass of this 
species in comparison to the M. viridis. Since M. 
viridis burrow deeper than N. diversicolor and do 
not create an oxic surface layer of sediment, it 
was expected that they would cause a greater 
release of phosphate from the sediment than N. 
diversicolor would (Hietanen et al, 2007). 
The levels of ammonium, flushed from the 
sediment, followed a similar, but less dramatic 
pattern as the phosphate ones. Here, the M. 
viridis, the control, and the mixed cores show an 
initial drop in ammonium levels during the 
stabilization period, followed by a steady incline 
and then a slow decline. The mixed and M. 
viridis cores show a similar trend for nitrate. The 
N. diversicolor group, however, showed a steep 
increase in nitrate release after day 15. This is 
due to the fact that N. diversicolor oxygenate 
their burrows extremely well, which promotes 
the fixing of nitrogen to nitrate by nitrogen-
fixing bacteria (Hietanen et al, 2007). This 
makes the sediment nitrate-rich, and the N. 
diversicolor then flush this nitrate out of the 
sediment when they ventilate their burrows. In 
contrast, M. viridis do not promote nitrification, 
but may promote denitrification (Hietanen et al, 
2007), as seen in table 1, were the cores with M. 
viridis and N. diversicolor enhanced 
denitrification. This would explain why the 
release of nitrate is lower and decreases after the 
initial burrowing and flushing out of the 
sediment for the cores containing M. viridis. For 
ammonium, the increase in release levels is less 
steep for N. diversicolor than it is with nitrate. 
This can also be due to the fact that much of the 
ammonium is being converted into nitrate by 
nitrogen fixing bacteria after the N. diversicolor 
have begun oxygenating their burrows, which in 
turn increased nitrate release. The presence of M. 
viridis in the mixed cores may limit the nitrate 
release due to increased denitrification, as seen 
in table 1.  
The measured pore water nutrient levels at the 
end of the experiment were a reflection of the 
burrowing depths of the two species. For 
ammonium, levels were relatively low for N. 
diversicolor until about 7cm, where they begin to 
increase significantly. This is expected, since N. 
diversicolor only burrow to about this depth, and 
do not have a noticeable effect on the deeper 
sediment. For M. viridis, levels remained 
constant and relatively low all the way down to 
the cores’ depths of around 18cm, showing that 
they ventilate their burrows to this depth. The 
mixed cores have a slight increase after around 
10cm as there are no more N. diversicolor 
present at this depth, but the M. viridis keep the 
nutrient levels very low for the deeper layers of 
the core as well. 
The pore water profiles for phosphate are 
unreliable due to the fact that the samples were 
diluted too much. The pore water samples were 
diluted 100 times before the absorbance was 
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measured to determine phosphate concentration. 
The result was that most measurements were 
between the levels of the blank and the first 
standard. This is considered an analytical error in 
the measurements, and these profiles should 
therefore not be considered an accurate 
representation of the phosphate concentrations in 
the pore water. 
The total nitrogen budget shows the distribution 
of nitrogen release in the sediment and pore 
water in the forms of ammonium and nitrate. For 
the control cores, the ammonium release was 
negative, meaning that there was a build-up in 
the sediment. The pore water nitrogen content 
was higher for the control group than for any of 
the other groups, which is understandable since 
there were no polychaetes present to flush the 
nitrogen out of the sediment. The nitrate release 
was greater than the ammonium release from the 
sediment for all cores with the exception of the 
group containing both species where nitrate and 
ammonium release were close to equal. The pore 
water release was negative for the M. viridis 
group and the mixed species group, meaning that 
M. viridis causes a build-up of ammonium in the 
sediment, whereas N. diversicolor are more 
efficient at flushing ammonium out of the 
sediment.  
To better understand and determine the accuracy 
of these results, a comparison was made with a 
study carried out by (Kristensen 2012). In both 
studies, ammonium release was greater than 
nitrate release. However, in our study, nitrate 
relative to ammonium was much greater than in 
the study carried out by Kristensen. Also, in 
Kristensens study, the ammonium release was 
higher for M. viridis than for N. diversicolor, 
while it was the opposite in this study. This 
inconsistency can, as mentioned earlier, be due 
to the differences in biomass between the two 
species.  
Conclusion 
The data collected from this experiment suggest 
that the hypothesis made is not entirely correct. 
The prediction was that the invasive 
polychaete Marenzelleria viridis would cause a 
much greater release of nutrients from the 
sediment in which they inhabit than the native 
species Nereis diversicolor would. This was not 
the case, however, in our experiment. N. 
diversicolor actually caused the highest rates of 
phosphate, nitrate, and ammonium release 
than M. viridis did. A longer study would be 
required to determine if this trend would 
continue over time. Furthermore, it is very likely 
that the nature of these data is a result of the N. 
diversicolor having a significantly greater mass 
than the M. viridis used. This means that the 
biomass was much higher in the cores 
containing N. diversicolor than in those 
containing M. viridis, which could have changed 
the results. A more accurate conclusion could be 
formed by comparing this study to one in which 
biomass, rather than animal density, was kept 
constant. From analyzing these results the only 
conclusion that can be formed is that M. 
viridis do not appear to cause a significant 
increase in nitrogen and phosphorous release 
from the sediment to the pore water in 
comparison to the native speciesN. diversicolor, 
despite their deeper burrowing, and are therefore 
not a threat to Baltic ecosystems in terms of 
eutrophication. However, this conclusion cannot 
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be regarded as being for certain, given the 
uncontrolled factor of different biomass. 
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Appendix  
Problem Formulation 
The aim of the study is to understand, by creating 
controlled, experimental environment, how the 
invasive species Marenzelleria viridis affects the 
marine nitrogen and phosphorus cycles, more 
specifically the release of ammonium, nitrate and 
phosphate from sediments. And how these changes 
have an effect in the marine environment in the 
Danish coastal waters, also to start understanding 
how Marenzelleria viridis interacts with the native 
species of Nereis diversicolor.
Table2: Analysis of worms found in the cores 
after the experiment.  
 
Core Expected Found 
1A 0 0 
1B 0 0 
1C 0 0 
1D 0 2  M.  viridis 
2A 4 M.  viridis 4 M.  viridis 
2B 4 M.  viridis 2 M.  viridis 
1 N. diversicolor 
2C 4 M.  viridis 4 M.  viridis 
2D 4 M.  viridis 4 M.  viridis 
3A 4  N. diversicolor 2 N. diversicolor 
Core Expected Found 
3B 4  N. diversicolor 3 N. diversicolor 
3C 4  N. diversicolor 2 N. diversicolor 
3D 4  N. diversicolor 0 
4A 2 M.  viridis 
2 N. diversicolor 
2 M.  viridis 
3 N. diversicolor 
4B 2 M.  viridis 
2 N. diversicolor 
3 M.  viridis 
0 N. diversicolor 
4C 2 M.  viridis 
2 N. diversicolor 
3 M.  viridis 
2 N. diversicolor 
4D 2 M.  viridis 
2 N. diversicolor 
2 M.  viridis 
2 N. diversicolor 
 
Experimental setup 
The setup consists of a large tank with two soda 
crates placed in the bottom. The soda crates will be 
used to hold the cores and the magnetic stirrers. 
The two stirrers are placed in opposite ends of the 
tank, one placed in each crate. Two stirrers were 
used in order to create equal movement in the 
cores. 
The salinity and temperature was measured at both 
sites.  Approximately 20 at 6
o
C at the M. viridis 
site, while 11 at 3
o
C at the N. diversicolor site.  
The amount of animals was decided by looking at 
the natural population densities in the Danish 
coastal waters. Naturally the population density of 
Marenzelleria viridis is 100-1000 m
2
, while Nereis 
diversicolor has a higher population density of 500 
- 1000 m
2
.  This information also defined the size 
of core to be used (the 5cm or 8cm), calculations 
are shown below. 
 
Population density calculation for using small cores 
(5cm) with 4 worms 
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a = r
2π 
a = (3.14)(2.5)
2
 
a = 19.63 cm 
2
 
Population density:  2,038 for each m
2
 
 
Population density calculation for using small cores 
(8cm) with 4 worms 
Area: (3.14)(4)
2
 
a = 50.24 cm
2
 
Population density: 797 for each m
2 
It was decided to use the 5cm cores instead of the 
8cm cores due to it giving a higher population 
density with 4 worms in them.  
 
Worm weight at start:  
 The worms where separated into petri 
dishes for which core they would be placed 
into and then weighed. The cores where 
removed from the tank in order to introduce 
the worms to their core. They were observed 
for 3 hours to make sure that the worms 
burrowed and stayed burrowed in the 
sediment. If after the observation time a worm 
had still not burrowed it was replaced by a new 
worm. The cores where then reintroduced into 
the tank at about 2-3pm on April 17th. The 
worms will be weighed again at the end of the 
experiment. The start weight can be seen in the 
tables below. There are no worm weights for 
core type 1 since there are no worms in these 
cores.  
 
Core type 2: Marenzellaria viridis  
Core Worm Weight 
A 0.145g 0.113g 0.268g 0.137 
B 0.192g 0.181g 0.184g 0.044g 
C 0.105g 0.191g 0.156g 0.226g 
D 0.090g 0.042g 0.323g 0.220 
 
Core type 3:  Nereis diversicolor 
Core Worm Weight  
A 1.012g 0.622g 0.444g 0.630g 
B 1.451g 0.573g 0.744g 0.605g 
C 1.296g 0.385g 1.310g 0.187g 
D 0.956g 1.188g 0.667g 0.397g 
 
Core type 4:  Marenzellaria viridis (M) and Nereis diversicolor (N) 
Core Worm Weight  
A M 0.199g M 0.227 N 1.623g N 1.207g 
B M 0.136g M 0.155g N 0.492g N 0.835g  
C M 0.112g M 0.084g N 1.125g N 0.546g 
D M 0.134 M 0.138g N 0.464g N 0.404g 
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Example Calculation for Flux Measurement 
The absorbance's of the samples (NH4
+, and PO4
3-) are 
obtained from the spectrometer for both the start of the 
incubation period and end.  A standard curve is also 
created.  Using this we are able to calculate the 
concentration of the sample. 
 
Standard Curve 
Concentration Absorbance  
0 0.072 
 1 0.147 
5 0.229 
 10 0.336 
20 0.506 
30 0.727 
40 0.894 
50 1.081 
 
 
Using the equation (y=0.0195x + 0.1179) 
gotten from the standard curve we solve for x 
(the concentration) and using y (the 
absorbance).  
Concentration = (Absorbance-0.1179)/0.0195 
y = (0.289 - 0.1179)/ 0.0195 
The average of the sample is found: 
(1AS + 1AS)/ 2 = Average of sample 
After which the difference between the start 
(S) and the end (E) of the incubation is found.  
Using the height of the water found in the core 
and the amount of time the cores where 
incubated we are able to calculate the flux 
using the equation: 
 Flux (mmol m-2 d-1) = ([X]t=1 - [X]t=0) x V x 24 
         (A x t) 
 
core abs calculated 
concentration 
Average 
concentration 
diff of S and E height (m) of 
water 
Time of 
incubation 
flux mM 
1AS 0.289 8.774 1AS:  8.77 0.462 0.1331 4.1 0.000360 
1AS 0.289 8.774  0.795 0.097 4.1 0.000451 
1AE 0.297 9.185 1AE:  9.24 0.231 0.107 4.1 0.000145 
1AE 0.299 9.287  1.410 0.122 4.1 0.001007 
1BS 0.377 13.287 1BS:  10.59 20.385 0.123 4.1 0.014677 
1BS 0.272 7.903  7.410 0.11 4.1 0.004771 
1BE 0.381 13.492 1BE:  11.39 4.795 0.159 4.1 0.004463 
1BE 0.299 9.287  4.769 0.133 4.2 0.003713 
1CS 0.33 10.877 1CS:  11.11 5.949 0.144 4.2 0.005014 
1CS 0.339 11.338  18.385 0.1451 4.2 0.015615 
1CE 0.356 12.210 1CE:  11.34 12.769 0.137 4.2 0.010240 
1CE 0.322 10.467  47.795 0.135 4.2 0.037770 
y = 0.0195x + 0.1179 
R² = 0.9962 
0
0.2
0.4
0.6
0.8
1
1.2
0 20 40 60
18-Apr 
Series1
Linear
(Series1)
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1DS 0.289 8.774 1DS:  8.85 3.436 0.13 4.3 0.002615 
1DS 0.292 8.928  22.333 0.135 4.3 0.017649 
1DE 0.317 10.210 1DE:  10.26 7.821 0.122 4.3 0.005585 
1DE 0.319 10.313  1.308 0.145 4.3 0.001110 
  
The average flux was then found for each core type 
using the A, B, C, and D cores which had the same 
treatments.  
Average for each core type Standard Deviation 
0.00049 0.000368 
0.00691 0.005200 
0.01716 0.014405 
0.00674 0.007507 
Pore Water Analysis 
 Four extra cores of sediment and water 
have been made at the start of the experiment using 
the homogenized sediment, and then allowing them 
to settle for 4 days. These cores will be used for a 
pore water measurement. Two of them are used at 
the start of the experiment (core A and B), and the 
last two are used at the end of the experiment. The 
cores at the start of the experiment will tell us how 
much NH4
+
 and PO4
3-
 is available in the sediment, 
and the test run at the end of the experiment will 
show how this has changed over time.  
 The pore water analysis is done by slicing 
the sediment into sections and then testing the 
NH4
+
 and PO4
3-
 levels in the water of each slice. 
The slices are cut at a 2 cm interval except the first 
two slices which are at 1 cm and 2 cm, afterwards 
they increase by 2 cm. Each slice is mixed. A 5 cm
3
 
is taken from the slice in order to measure the 
water content. The rest of the sediment is loaded 
into split centrifuge tubes and then centrifuged at 
1500 rpm for 10 minutes. The water from each 
slice of sediment will be split into two vials for 
measuring NH4
+
 and PO4
3-
, and then frozen.  This 
is done for both core A and B. 
Start Pore Water  
Core A 
Sample Depth  Wet weight  Dry weight  Water content  porosity 
1 1cm 10.667 9.426 1.241 0.25 
2 2cm 9.601 8.025 1.56 0.32 
3 4cm 10.057 8.422 1.64 0.33 
4 6cm 11.042 9.736 1.31 0.26 
5 8cm 9.927 8.244 1.68 0.34 
6 10cm 9.920 8.233 1.69 0.34 
7 12cm 10.048 8.427 1.62 0.32 
8 14cm 9.642 7.863 1.78 0.36 
9 16cm 10.694 9.302 1.39 0.28 
10 18cm 10.118 8.347 1.77 0.35 
Core B 
Sample Depth  Wet weight  Dry weight  Water content  porosity 
1 1cm 10.667 9.426 1.241 0.25 
2 2cm 9.601 8.025 1.56 0.32 
3 4cm 10.057 8.422 1.64 0.33 
4 6cm 11.042 9.736 1.31 0.26 
5 8cm 9.927 8.244 1.68 0.34 
6 10cm 9.920 8.233 1.69 0.34 
7 12cm 10.048 8.427 1.62 0.32 
8 14cm 9.642 7.863 1.78 0.36 
9 16cm 10.694 9.302 1.39 0.28 
10 18cm 10.118 8.347 1.77 0.35 
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End Pore Water 
Core 1B: Control  
Sample depth cm Dish Dish weight start Weight End weight  Change 
1 10 0.685 12.225 10.364 1.176 
2 9 0.665 11.895 10.087 1.143 
4 8 6.75 11.864 10.083 -4.969 
6 7 0.624 11.986 10.211 1.151 
8 6 0.618 11.677 9.856 1.203 
10 5 0.613 11.374 9.771 0.99 
12 3 0.628 12.634 10.789 1.217 
14 4 0.611 10.618 9.028 0.979 
16 2 1.608 10.24 8.794 -0.162 
18 * 1.62 11.365 9.746 -0.001 
 
 
Core 2C: Marenzellaria viridis  
Sample depth cm Dish Dish weight start Weight End weight  Change 
1 27 0.694 10.136 8.711 0.731 
2 28 0.68 9.685 8.337 0.668 
4 25 0.688 12.43 10.571 1.171 
6 26 0.68 10.871 9.307 0.884 
8 22 0.686 10.065 8.731 0.648 
10 24 0.695 11.093 9.488 0.91 
12 23 0.688 10.948 9.393 0.867 
14 21 0.679 11.47 9.849 0.942 
16 20 0.682 10.558 9.051 0.825 
18 19 0.632 9.781 8.421 0.728 
 
Core 3: Nereis diversicolor 
Sample depth cm Dish Dish weight start Weight End weight  Change  
1 30 0.681 11.708 10.117 0.91 
2 31 0.677 11.301 9.625 0.999 
4 38 0.594 10.575 9.292 0.689 
6 37 0.615 10.665 9.202 0.848 
8 36 0.677 10.998 9.15 1.171 
10 32 0.67 10.828 9.362 0.796 
12 33 1.687 10.443 9.034 -0.278 
14 34 1.684 9.469 8.206 -0.421 
16 35 0.666 9.838 8.509 0.663 
18 29 0.682 11.978 10.313 0.983 
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Core 4C: Marenzellaria viridis (M) and Nereis diversicolor (N) 
Sample depth cm Dish Dish weight start Weight End weight  Change 
1 43 0.632 10.214 8.757 0.825 
2 42 0.656 12.295 10.41 1.229 
4 41 0.652 11.766 10.043 1.071 
6 44 0.592 11.719 9.961 1.166 
8 18 0.629 12.346 10.557 1.16 
10 11 0.672 11.837 10.093 1.072 
12 17 1.623 11.847 10.059 0.165 
14 16 0.687 11.695 9.932 1.076 
16 15 0.703 12.419 10.545 1.171 
18 14 0.67 11.739 10.022 1.047 
20 13 0.672 12.106 10.328 1.106 
22 12 0.675 11.706 9.992 1.039 
 
